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INTRODUCTION. 

Although botulism in eattle has been known in Western Australia since about 
1860, the disease was not recorded in sheep until 1928, when it was deseribed by 
Jennetts (1933). Sinee 1928 its incidence has increased progressively until in 
the summers of 1932-8 and 1934-5 it was considered to be responsible for greater 
losses than all other diseases affecting sheep in Western Australia. In other parts 
of the world botulism is rarely the cause of serious losses in sheep, even where cases 
in cattle are quite frequent. It has been recorded in only one other part of Aus- 
tralia, namely New South Wales, where outbreaks due to the ingestion of toxic 
rabbit carrion were recorded by Seddon (1925) and by Rose and Edgar (1930). 

In sheep the disease occurs during the dry summer period, from November to 
May, throughout the wheat-belt and Great Southern portions of Western Australia. 
It disappears rapidly with the advent of winter rains and green feed. Sheep of 
all breeds and at all ages appear to be susceptible, though the heaviest losses occur 


in pregnant and lambing ewes. A clinical description of the disease and the post- 
mortem appearances are given by Bennetts (1933). An account of the occurrence 
of the disease with a description of some of the present experiments and their ap- 


plication to farming practice is also given by Underwood and Shier (1935). 

The principal cause of the disease is the ingestion of rabbit carrion infected 
with Cl. botulinum. Bennetts (1933) has cultivated Cl. botulinum (Type C) from 
such earrion. Rabbits are present in large and increasing numbers in the affected 
areas. During the long summer period on poor, dry grazing, the sheep develop an 
acute depravity of appetite expressed by a craving for rabbit careases and other 
carrion. This craving has been commonly attributed to phosphorus deficiency, 
though very variable results have attended the use of phosphatic licks. Some 
farmers claim good results in controlling the craving, while others assert that no 
such benefit has accrued from the licks, even when consumed in large amounts. A 
proportion of farmers also claim that the feeding of conserved fodders such as hay, 
silage, or oats during the summer period reduces the incidence of the disease. 


1 Published with the permission of the Director. 
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As the evidence appeared so conflicting and the losses from the disease were 
increasing in spite of the more general use of phosphatie licks, it was deemed 
imperative to obtain reliable information as to the cause of the piea and possible 
means of control. 


MECKERING EXPERIMENTS, 1933-4. 


The grazing of a farm at Meckering, where severe losses from botulism had 
previously oecurred, was leased, and experiments started in the summer of 1933-4. 
These were designed to ascertain the effects on sheep of supplementing the dry 
grazing with a phosphatie lick and other feeding stuffs. Particular interest was 
attached to the effeets on: 

(1) the incidence and control of the pica; 

the growth and wool vields; 
the blood phosphorus levels. 


Erperimental Procedure. 


A flock of 100 merino weaners was weighed and divided into five even groups of twenty. The 


group treatments were as follows: 


Group 1 Control: grazing only. 


Grazing plus phosphatic lick ad libitum. 
1 Ib. oats per sheep per day. 
» 1b. linseed cake per sheep per day. 
} Ib. wheaten chaff plus } Ib. oats per sheep per 
day plus phosphatie lick ad libitum. 

The sheep were run together in the day time. Each evening (except Sundays) they wer 
varded, divided into groups, and given their food supplements. At dawn they were turned out 
to graze once more. Supplementary feeding commenced on 7/12/33, and continued until 2/5/34. 
For most of the period the food supplements were fully consumed. At the end of February the 
ration of linseed cake in Group 4 was changed to a mixture of equal parts of meatmeal and oats 
at the rate of 4 lb. per sheep per day. Only very small amounts of this were consumed. The 
phosphatic lick was given in the form of Dicaleie Lick with the following composition: 

Diealeium phosphate 45 parts 
Common Salt 40, 
Molasses . « 
Water 

The lick contained 18 p.c. P2O;, and proved very palatable to all sheep having access to it. 
Throughout the dry period it was consumed regularly at the rate of 15 gm. of the lick (3 gm. PoO;) 
per sheep per day in both groups 2 and 5. As with the other supplements, the consumption of 
lick fell with the advent of green feed. 


Climatic and Grazing Conditions. 
The climate at Meckering, which is situated about 80 miles east of Perth, is typieal of the 
areas where botulism occurs. It is of the Mediterranean type with moist winters and long hot dry 


summers. The monthly rainfall figures are given in Table 1. 
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TABLE 1. 


Monthly Rainfall at Meckering. 

Year. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dee. Total. 

1934 75 21 411 370 153 288 246 99 93 12 107 10 +1785 

1935 67 44 2% 72 86 177 273 211 92 91 o 10 1149 

Mean 1898-1934 27 44 76 87 205 288 306 225 133 102 44 30 1567 
Young green pasture appears with the first rains, usually in May. The herbage consists 
most entirely of poor annual species which produce very little bulk until about August or 
eptember, and which quickly mature and dry off with the first signs of summer in October or 
November, Normally, no new growth takes place until the following May. The chemical composi- 
tion follows the seasonal trend, In June the herbage is comparatively low in fibre and high in 
protein and phosphorus. As the season progresses the fibre rises, and the protein and phosphorus 
contents fall, until by the following March and April, owing to the long dry period and the 
selective grazing of sheep and rabbits, the herbage is very scanty and exceedingly poor in quality. 
Analyses of the grazing available at Meckering are given in Table 2. The samples in each 
case are selected to conform as far as possible to the material actually consumed by the sheep, 


a factor of extreme importance with such selective grazers, 


TABLE 2. 
Pasture and Stubble Analyses—Meckering, 1933-4, 


Means of Two Samples. Percentages on Dry Matter. 


Crude 

Period. Protein. P.O;. CaO. 
December, 1933 Mature pasture 7-43 0-25 1-08 
December, 1933 Wheat stubble 6-75 0-32 1-26 
March. 1934 Stubble, weathered and grazed 3-91 0-12 0-76 
June, 1934 Young and green pasture 17-89 0-64 1-69 
August, 1934 Green and fully grown pasture 13-11 0-70 1-42 
October, 1934 Maturing pasture 10-55 0-48 1-91 


During December the experimental sheep grazed on dry pasture of the type mentioned in the 
previous paragraph, but for most of the rest of the summer they were run on wheaten stubble, 
as is usual in these areas. The feeding value of such stubble lies almost entirely in the missed 
grain and ears, and dry bottom growth of grasses and clovers which become eaten out as the 
summer advances. Abnormally early rains fell in March, 1984, producing a small but increasing 
amount of green feed from that time onward. 


The Incidence and Control of the Pica, 1934. 

The incidence of pica was tested by exposing dried rabbit carcases at frequent 
intervals to the different groups in small vards, and noting which sheep ate the 
eareases. In this way a record was obtained of the relative incidence of the craving 
among the various groups. The ecareases were those of rabbits, trapped, gutted, 
and dried out of contact with the soil to minimize the risk of their containing botu- 
linus toxin. 

During December and January the tests were entirely negative, but early in 
February four of the control group and one member of the lick group (Group 2) 


were observed eating the eareases. A fortnight later five of the control group and 
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two of the lick group exhibited pica, but still none of the sheep receiving supple- 
ments of oats, linseed, or chaff and oats showed any interest in the careases. 

At this time a number of tests were made with putrid and with moist fresh 
eareases, as well as with fresh bones and old bleached bones. In all eases a ecom- 
plete absence of craving for these materials was observed. 

With the advent of green feed, following on the very heavy rains at the 
beginning of March, there was a complete disappearance of all signs of pica in the 
experimental sheep within two weeks. 

No losses from botulism were sustained in the experimental flock in 1934, due, 
no doubt, to the abnormally early rains and short dry period. The losses through- 
out the State generally were also very small. 


The Influence of the Supplementary Feeding on Growth, 1934, 

The sheep were weighed at approximately monthly intervals throughout the 
experiment. Weighings were continued throughout the subsequent green feed 
period, after supplementary feeding had finished, to see how far any advantage 
accruing from the supplements would be carried forward into the subsequent life 
of the sheep. 

The average live weights of the groups are given in Table 3. 


i _ 
TABLE 3. 


Live We ights of Shee DP, 1934, 


Average of Groups of 20 Sheep in Ib. 


oF +H + + ¢ + 
os + + + oF be + oe oe oo 
. co f & N es eo S 
2 ~ ~ ~ 7+ 7 a x _ 1 
Group. al - a 7 ~ « < as ~ ~ 
™~ oe t~ “2 = + =~ pus -) on ow 
1. Control 50 47 #47 #48 #48 #55 59) 82 3 92 99 
2. Phosphatie lick, ad lib. 50 48 47 46 46 54 58 81 85 93 99 
3. 1 Ib. oats per sheep per day 50 53 56 59 60 67 70 90 90 97 1038 
4. 11b. linseed cake per sheep perday 50 56 60 62 62 70 72 91 92 96 100 
5. | Ib. oats and } Ib. chaff, plus lick 50 50 51 53 53 61 64 85 85 94 100 


Period of supplementary feeding. Green grazing only. 


* Shorn 5/10/34. 


The weights indicate that the dry grazing available to the controls was not 
only insufficient to promote growth in these young sheep, but did not even provide 
a maintenance ration during the first four months of the experiment. The group 
consuming the phosphatie lick showed a similar small fall in weight, and it was 
evident that phosphorus deficiency alone was not limiting growth at this time. On 
the other hand, the sheep receiving the heavy supplements of oats and of linseed 
eake grew at almost optimum rates, and at the end of April were 12-14 Ib. heavier 
than the controls. The group receiving the small supplement of chaff and oats 
grew slightly during this period. 
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Following the dry period all groups rapidly put on weight, and by the end of 
November, two months after shearing, the sheep of the control and the lick groups 
had virtually overtaken those of the fed groups. It is evident that the period on 
the low plane of nutrition did not reduce the ultimate size attained by the sheep 
compared with those on a high plane of nutrition throughout. This bears out the 
conclusion of Hammond (1932) that ‘‘circumstances causing retardation of 
growth temporarily are followed by periods of accelerated growth’’, but this par- 


se 


ticular case lends no support to his claim that ‘‘nutritional conditions in early 
life limiting growth can materially affect the ultimate development of the animal’’. 
It is probable, however, that the conditions limiting growth in the present experi- 
ments did not come early enough in the life of the sheep, nor were they severe 
enough, to produce the eifect noted by Hammond. 


The Levels of Inorganic Phosphorus in the Blood, 1934. 


It has been shown by DuToit, Malan, and Rossouw (1930), and Martin and 
Peirce (1954), that the concentration of inorganic phosphorus in the blood of sheep 
(as with cattle) is a reflection of the amount of phosphorus in the diet, and that the 
determination of the level of inorganic phosphorus in the blood represents a quick 
and reliable means of diagnosing phosphorus deficiency or sufficiency. Accord- 
ingly, it was decided to carry out a series of blood phosphorus tests on a number of 
the experimental sheep, with the object of ascertaining 

(1) the normal seasonal values occurring under typical wheat belt conditions ; 

(2) the effect of a phosphatic lick and of food supplements on these values 

during the dry summer period. 

It is extremely difficult, as pointed out by Martin and Peirce (1934), to state 
what is the normal amount of inorganic phosphorus in the blood of sheep, owing to 
the large variation which exists not only in different individuals on the same diet, 
but in the same individual from time to time. Nevertheless, it is abundantly clear 
that, although the upper limit is determined by the individuality of the animal 
(Watson, 1933b), the lower limit is normally determined by the intake of phos- 
phorus from the food. Levels of 4-4-5 mg. P per 100 ¢.c. blood or over may be 
taken as indicating an adequate intake from the diet, while levels consistently 
below this among a number of sheep would suggest phosphorus deficiency. Under 
conditions of starvation, however, it is evident from the work of Watson (1933a) 
that much higher levels might be obtained. 

Five typical sheep from each of groups 1, 2, 4+, and 5 were bled at approxi- 
mately monthly intervals throughout 1934. Blood was taken from the jugular 
vein, and 5 ¢.c. transferred immediately into 20 ¢.c. of 10 per cent. trichloracetic 
acid. After shaking, the mixture was filtered and the inorganic phosphorus deter- 
mined on the filtrate within two hours by the method of Malan and Van Der Lingen 
(1931). The results are given in Table 4. 
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TABLE 4. 
Levels of Inorganic Phosphorus in Blood. 
Mg. P. per 100 c.c. Blood. 


Group 1. Control. 








Group 1. 9/1/34 8/2/34 16/3/34 20/4/34 1/6/34 16/7/34 14/9/34 19/10/34 4/12/34 
Sheep No. 2 5-9 4-5 8-0 5-2 7.3 5-2 5-0 4-7 4-9 
ad . 5 6-2 5+2 6-9 4-9 8-9 6-6 5-5 4-5 3-9 
ea 6-9 6-1 6-6 5-0 7-1 7-7 6-1 5+5 5-4 
- a 56 4-6 +2 5-2 7-4 4-9 6-7 4-6 4-4 
” 9 19 6-6 5-6 6-6 4-8 7-7 4-9 5-4 4-9 5.9 
Mean 6-2 5-2 6-7 5-0 7-6 5-9 7 4-8 4-8 

Group 2. Lick fed, 7/12/33 to 2/5/34 
Sheep No, 23 7-1 6-1 6-6 5-4 8-9 6-7 5-0 4-7 4-6 
at — 5-6 4-6 6-4 4-9 8-9 6-6 7-4 4-7 5-5 
Pe 39 5-2 5-8 5-5 4-7 7-0 6 5-5 4-9 4-7 
= a §-2 5-4 5-8 5-2 7-9 6-0 5-8 4-1 5-0 
9 » 44 5-7 §-2 4-7 4-3 6-7 D4 6-9 4-9 4-8 
Mean 5-8 5-4 5-8 4-9 7-9 6-1 6-1] 4-7 4-9 
Group 4. Linseed cake and later meatmeal fed 7/12/33 to 2/5/34. 
Sheep No. 64 7-9 7+7 8-1 5-7 7-2 5-3 5-0 4-1 5-2 
at ~ 65 7-2 6-1 6-5 4-6 5-5 5-5 4-2 3-0 4-6 
72 8-9 8-4 6-4 4-3 6-0 5-8 4-4 4-2 4-4 
-~ a 7-1 6-2 9-6 5-0 9-9 5-7 5-1 4-7 4-5 
a 80 7° 7-5 4-7 5-4 5-2 5-2 3-8 4-9 
Mean 7-8 7-2 4-9 7-0 5-5 4-8 4-0 4.7 
Group 5. Oats, chaff, and lick, 7/12/33 to 2/5/34, 

Sheep No. 86 6-0 5-2 7-3 8-4 5-7 5-7 5-7 
a . 89 — 6-6 5-0 8-9 6-6 5-7 5-4 5+] 
iL « we 5-2 5-5 8-5 4-9 7-0 4-1 5-2 
me * 6 - _ 7-0 5-5 9-9 5-8 6-1 5+7 4-7 
~ a ee — — 4-7 4-4 7-8 4-9 5-3 5-2 3-2 
Mean — 5-9 5-1 8-5 6-1 6-0 5-2 4-8 

High values were sustained generally by the control sheep throughout the 


year. The individual fluctuation is large, but no low values suggestive of phos- 


phorus deficiency occurred, even in February, when the dry stubble grazing con- 
tained only small concentrations of phosphorus. The levels of the sheep in Group 
2. which received the phosphatic lick, are closely similar to those of the controls. 
For the first three months of the experiment the linseed-fed sheep (Group 4) 
showed significantly higher blood phosphorus values than those of the other groups. 


During the green feed period all groups were very similar. The values in general 
were higher in June, July, and August than during the earlier and later parts of 
the year. 


MECKERING EXPERIMENTS, 1934-5. 


The abnormally short dry period in the 1933-4 season and the consequent very 


low incidence of pica and of botulism, made it imperative that further experiments 
be carried out in the summer of 1934-5. 
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The same farm at Meckering and the same sheep were used for the work. These hoggets of 
mixed sex were weighed, and divided into seven even groups of twelve. The treatments of the 


groups were as follows: 


Group 1 Control: grazing only (yarded at night). 
os = Grazing plus phosphatic lick ad libitum. 
a o Pe » salt ad libitum. 
Oe i » 2 lb. wheat per sheep per day plus phosphatic lick ad libitum. 
» Oo a » 2 0z, meatmeal per sheep per day. 
> © ” » 2 lb. chaff per sheep per day plus phosphatic lick ad libitum. 
> a Re only (turned out to graze all night). 


As in the previous experiment, the sheep were run together in the daytime, brought in at 
night (except Sundays) for their supplements, and turned out again at dawn to graze. Feeding 
commenced on 10/12/34, and continued until 13/6/35, 

For almost the whole of the period the rations given were fully consumed, including the meat 
meal, The phosphatic lick (Dicaleie lick) again proved extremely palatable, and was taken 
readily by all sheep having access to it. The average consumption was the very high one of 
about 30 gm. of the lick (6 gm. P.O;) per sheep per day in Group 2, 24 gm. (5 gm. P.O;) in 
Group 4, and about 15 gm. (3 gm. P.O;) in Group 6. The mean consumption of salt in Group 4 
ranged from 15-25 gm. per sheep per day. 

The consumption of lick and salt by these groups fell below these values in May and June, 
when a certain amount of green feed was available. 


Climatic and Grazing Conditions. 

From the rainfall records given in Table 1 it is seen that the dry period of the 1934-5 
summer was very much longer and more severe than that of the previous year, and rather longer 
than the average year. 

The grazing was similar in composition and amount to that of the previous year for the 
early part of the summer. but by April and May it had become extremely poor and scanty. It 
consisted principally of oaten stubble from which the grain and most of the small annual ciovers 
had been eaten, A selected sample of this herbage taken on 8/5/35 had the following composition 
on a dry matter basis: 

Crude protein 2-78 p.c.; PoO; 0-15 p.e. 

Very small and almost negligible amounts of green picking were also available during May, 

and larger quantities in June. 


The Incidence and Control of the Pica, 1935, 

The incidence of the pica was tested as before by exposing dried rabbit car 
cases to the different groups in small yards. 

The tests were entirely negative until the end of January, when three sheep 
of the control group, five of the salt group, two of the meatmeal, and one of the 
chaff plus lick group gave evidence of pica. Those sheep receiving lick alone and 
wheat plus lick, as well as those turned out to graze at night (Group 7) were so 
far free from craving. 

During February and March a more general pica developed in all groups 
except that receiving the supplement of wheat plus lick (Group 4+). By the middle 
of April, with the continuance of the dry weather, practically the whole of the 
sheep in the control, the lick, and the salt groups, and nearly half the sheep in the 
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meatmeal and chaff-fed groups had developed pica. With the exception of one 


animal the members of the wheat group remained free from craving throughout 
the summer. 

Following on a light fall of rain a very small amount of green ‘*‘ picking’’ 
became available during May, and the pica became slightly less pronounced in all 
affected groups. With the definite advent of green feed in June all signs of it 
rapidly disappeared. 

During the peried when the craving for the dried carcases was most intense, 
tests were made with fresh and with putrid carcases, and also with fresh bones and 
old bleached bones. As in the previous vear none of the experimental sheep touched 
these materials. Tests at this time with pieces of clean dried rabbit meat, however, 
gave positive results in many cases, the distribution throughout the groups being 
closely similar to that obtained with the dried carcases. When eating the carcase 
it was noticed that the sheep carefully picked the meat from the bones. It is evident 
that the pica is not an osteophagia, and that it can best be described as a 
sarcophagia. 

An outstanding characteristic of sheep in many parts of Western Australia 
during the summer period is their liking for dry rabbit faeces. Although such 
faeces were considered by Bennetts (1933) to be very unlikely sources of the toxin, 
a trial with the experimental sheep was thought to be of some nutritional interest. 
In tests carried out at the end of February practically every sheep in each group 
displayed a marked liking for the rabbit faeces. The possibility that the craving 
Was in some way associated with the chemical composition of the faeces could not 
be overlooked. Accordingly, four samples were collected and the analyses obtained. 
They were found to be extremely even in composition, though heavily contaminated 
with soil. The mean composition is given in Table 5. 


TABLE 5. 
Mean Composition Rabbit Faeces (four samples). 


Percentages Atr-Dry Sample. 


Ether Crude Crude Total Soluble 
Moisture. Extract. Fibre. Protein. Ash, Ash. P.O,,. Chlorine. 
9-73 1-72 30-61 7-52 15-10 3-65 0-51 0-71 


Analyst: B, L. Southern, A.A.C.I. 
The analyses given reveal nothing which would suggest a reason for the liking 
shown by sheep for the faeces. 
Losses from Botulism, 1935, 


The following losses from botulism were sustained : 
Group 1, two; Group 2, nil; Group 3, four; Group 4, two; Group 5, one; 
Group 6, one; Group 7, two. 
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It is strongly suspected that some at least of these losses were due to carrion- 


infected water-supply (soaks), a source of toxin which would be equally available 
to all sheep independently of whether they exhibited pica or not. For this reason, 
and because of the small groups involved, it is felt that the actual losses in the 
different groups bear little relation to the effectiveness of the various treatments 
in controlling pica. For instance, there were no deaths in the lick-fed group 
(Group 2), although almost every animal in the group had developed a craving 
for carcases by the middle of April. 


The Influence of the Feeding on Live Weight, 1935. 


The weighings throughout 1935 are given in Table 6. 
eS eS eS 5 


TABLE 6. 
Live Weights of Sheep, 1935. 


Averages of Groups of Twelve Sheep in lb. 
~ Te Tews ew thon is ic es 
~ Te of sc os 





Group. ate - — ~ XN ~ is ~ = - 
_ >) x _ ~ ot — oF 10 
of va => foe Ss a se Co = a 
Group 1 Control 100 96 88 87 84 77 74 75 68 70 68) 86 
Group 2 Phosphatie lick ad (ibitum 100 97 90 O91 86 79 T6 76 69 70 69) 8&6 
Group3 Salt ad libitum 100 95 86 87 85 78 77 77 68 70 68) 86 
Group + 3 lb. wheat per sheep per day 
plus lick 100 99 OF 99 95 VO 89 GO 84 82 79 93 
Group 5 Meatmeal 2 oz, per sheep per 
day 100 96 95 96 92 87 85 84 T7 78 75 91 
Group 6 3 Ib. chaff per sheep per day 
plus lick 100 95 91 92 87 82 80 81 74 78 Vi 67 
Group 7 Grazing control 100 98 89 90 84 78 73 75 67 70 68 8 
Period of supplementary feeding. Green 


grazing. 


It is evident from the mean group weights that most of the sheep were full- 
grown and in fair condition at the commencement of the experiment. The control 
sheep steadily lost weight for the following six months, the mean weight being 
about 30 Ib. less in June than in the preceding December. It is evident that these 
sheep were on a large negative energy balance during this period, and that the dry 
grazing was deficient either quantitatively, qualitatively, or both. That the defi- 
ciency is not primarily one of phosphorus is shown by Group 2, whose mean live 
weights followed closely those of the controls. This amply bears out the findings 
of the previous vear, in which no increased growth was obtained in the lick-fed 
sheep. 

For the first three months of the experiment the ration of } lb. wheat per 
sheep per day plus lick prevented any appreciable loss in weight, but during the 
rest of the dry period even this supplement was insufficient to maintain a positive 
energy balance, and by June the group averaged sixteen pounds less than in De- 
cember. The sheep receiving the supplements of meatmeal and of chaff lost weight 
steadily, though not to the same extent as the controls and lick-fed sheep. 
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For the first two months of the green feed period, little increase in live-weight 
was shown by any of the groups. During September, however, all groups rapidly 
increased in weight. As in the previous vear the control sheep grew faster, and 
began to overtake in weight those sheep which had received the food supplements 
throughout the summer months. 


The Levels of Inorganic Phosphorus in the Blood, 1935. 


* Owing to the large individual variations in the previous year, it was decided 
E to carry out blood phosphorus determinations on the whole twelve sheep of three 
of the groups in the 1934-5 experiments, and to continue these determinations as 
in 1935-4 into the green feed period, after supplementary feeding had finished. 
The same method and bleeding technique was used as before. The sheep tested 
were those of the control, the lick-fed, and the meatmeal-fed groups. The results 
are given in Table 7. 
p The average levels of inorganic phosphorus in the blood of the control sheep 
a showed little variation throughout the vear, though the individual variation was 
again very large. The mean levels did not fall to low values, even during March 
and April, when the grazing conditions were very poor indeed, and a selected 
sample of the herbage was found to contain only 0-15 p.c. P20; in the dry matter. 
As in the previous summer the consumption of the phosphatic lick had no 
consistent effect in raising the blood phosphorus levels, though on occasions when 
bled very shortly after the lick had been eaten, high values were obtained. The 
levels in the meatmeal-fed sheep were very similar throughout to those of the control 


group. It must be noted that the same large variation existed within the lick and 


the meatmeal groups as within the control group. The occasional low values 


Fate Ell baal 


obtained in odd sheep are apparently individual fluctuations produced by factors 
other than that of the phosphorus intake in the diet. 


EXPERIMENTS AT BEVERLEY. 


During the summers of 1933-4 and 1934-5 experiments of a similar general 
nature to those at Meckering were carried out at the Avondale State Farm, Bever- 
ley, situated about 50 miles south of Meckering, where no losses from botulism had 
been known to occur. Beverley ts characterized by the same long, hot, dry summer 
conditions as Meckering, but the soil and grazing conditions are in general slightly 
better. Mated ewes were used for the first year’s experiments, and wether weaners 
for the second. 

During the abnormally short summer of 1933-4 no pica could be demonstrated 
in any of the experimental sheep. Even in the long 1934-5 summer, when the 
eraving at Meckering became acute, comparatively little interest in the rabbit car- 
cases was shown at Beverley. Three of the control sheep on the dry grazing only, 


and one of the phosphatic lick-fed sheep from groups of ten, exhibited a mild pica. 
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No interest at all was shown by the sheep receiving supplementary rations of wheat, 
of meatmeal, and of silage. There were no losses from the disease. The reason for 
the absence of pica, as evidenced by the carrion tests, is not at present clear. 

The live weight figures showed a similar trend to those at Meckering. The 
mature sheep lost considerable weight during the summer, and the young sheep 
failed to grow. The phosphatic lick had no effect either in promoting growth in 
the young sheep or in preventing weight loss in the old. As at Meckering, however, 
the supplementary feeding gave some help in this direction. 

The blood phosphorus figures of the Beverley sheep showed no significant 
falls from normal values in the summer months in either year. In fact the levels 
were closely similar to those at Meckering. It is apparent that, under the condi- 
tions at Beverley, phosphorus deficiency is not the limiting factor in nutrition, and 
that the general nutritional findings bear out those obtained at Meckering. 

A point of interest arising from the 1933-4 experiments at Beverley with 
mated ewes is the very marked falls in the inorganie phosphorus levels of the blood, 
which occurred with most of the ewes a day or two before parturition. In some of 
the ewes the low values continued for several months before returning to normal 
levels, while in others the values rose rapidly within a matter of days. As the 
ewes were on green grazing at the time, containing 0-7-1-0 p.c. P2O; on the dry 
matter, such a marked effect was rather unexpected, and the matter is receiving 
further attention during the present season. 


DISCUSSION. 


It is evident from the large falls in live weight of the sheep during the dry 
summer months that they are on a very low plane of nutrition at this time. Heavy 
supplementary feeding is necessary to prevent these losses. Towards the end of 
the summer the grazing is not only dry and scanty, but exceedingly low in protein 
and phosphorus. Selected samples of the herbage at Meckering were found to con- 
tain only 3-5 p.c. protein and 0-12-0-15 p.c. P2O; in the dry matter. Under these 
conditions a deficiency of available energy, of protein, and of phosphorus would 
certainly be expected. The suggestion of available energy and protein deficiency 
is supported by the experiments, but it is evident that phosphorus deficiency is not 
the limiting factor in nutrition, since no increase in live weight is brought about 
by even a large intake of a soluble phosphate lick. Furthermore, the levels of inor- 
ganic phosphorus in the blood of the sheep showed no significant falls to low values, 
even during the late summer period, but remained at a very constant general level 
throughout the vear. 

Considering the very low concentrations of phosphorus found in the pasture 
samples, these results are difficult to understand, unless the phosphorus require- 
ments of sheep are much lower than has previously been supposed ; or unless the 


other nutritive deficiencies of the grazing have the effect of reducing the amount 
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of dietary phosphorus required. These hypotheses have also been recently put for- 
ward by Marston (1934, 1935), who, from a consideration of the more massive skele- 
tal system of cattle and their lower food consumption per unit gain, suggests that 
growing sheep only require about one-third of the concentration of phosphorus in 
their diet of that needed by young cattle. He also points out that the analyses of 
the dry herbage may not truly represent the material actually consumed by the 
sheep; that their intake of phosphorus might be much greater than the analyses 
imply, and stressed the marked powers of selective grazing which sheep display. 
The present authors feel that this criticism is one which might be levelled at 
many published pasture analyses. In the present investigations, however, every 
attempt has been made to select for analysis the material actually consumed by 
the sheep. The effect on composition was sometimes quite marked. For instance, 
a selected sample of stubble-grazing was found to contain early in the summer 6-8 
p.c. protein and 0°3 p.c. P2O;, while a sample consisting principally of straw, 
which made up most of the bulk of the grazing (but was not eaten), contained only 
2-3 p.ec. protein and 0-07 p.c. P.O. 

The suggestion that the dietary phosphorus requirements of the sheep 
might be lowered during the summer months by the low level of other dietary con- 
stituents, such as available protein and energy, is one that cannot be overlooked, 
especially in view of the large falls in live weight which oceur at that time. It 
might be suggested, for instance, that the phosphorus set free by tissue destruction 
(endogenous phosphorus) would be sufficient to reduce appreciably their dietary 
requirements. Using Marston’s (1935) figure of 0-15 p.c. for the phosphorus con- 
tent of the whole flesh of sheep, caleulation shows that even in the control sheep in 
the 1934-5 experiments at Meckering, which lost an average of 30 Ib. live weight in 
six months, the total amount of phosphorus set free was only about 0-1 gm. P 
daily. This amount would hardly be sufficient to affect seriously their exogenous 
requirements. The data so far obtained on the composition of the bones of sheep 
at the end of the summer period suggest further that these phosphorus reserves 
have not been drawn upon to an appreciable extent. An attempt is being made in 
the present summer to induce phosphorus deficiency in a group of young sheep by 
giving them a supplement to correct the deficiencies of the dry grazing in protein 
and available energy, without materially increasing their phosphorus intake. 

The relation of the nutritional conditions during the summer months to the 
incidence of the pica is not at present clear. Phosphorus deficiency as the cause of 
the craving must be ruled out, since a large intake of a soluble phosphatie lick did 
not prevent its appearance. It is significant also that the sheep displayed no in- 
terest in bones, but exhibited a special liking for the fleshy portions of the rabbit 
eareases. Skin and viscera, however, are also eaten on occasions. The marked 
taste for rabbit faeces has also been noted. The craving for flesh (sareophagia ) 
suggests a protein deficiency, if the analogy with osteophagia be allowed, but no 
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less than half the sheep which were fed with meatmeal displayed sarcophagia. It 
is possible, however, that these sheep had developed a taste for the dried flesh 
through receiving the ration of meatmeal, and further trials are being carried out 
in the present season. 

The piea disappears with such remarkable rapidity upon the advent of the 
first green feed, even when available only in very small amounts, that it seems 
rather unlikely that it ean be caused by a direct deficiency of an essential nutrient 
or nutrients. It seems more likely that the craving is due to some food error, such 
as a disturbance of the acid-alkali balance or a physiological upset due to the dry 
fibrous nature of the food, which the small ration of green suceulent pasture is 
able to rectify. A thorough investigation of this phase of the problem is being 
made at present, together with an attempt to place the piea upon a more definite 
physiological basis by a study of the body fluids of sheep while exhibiting pica and 


after its disappearance. 


SUMMARY AND CONCLUSIONS. 


A brief account of the occurrence of botulism in sheep in Western Australia 
is given, together with a deseription of experiments carried out in the affected 
areas during the summers of 1933-4 and 1934-5. The experiments were designed 
to throw light on the effects of various supplementary feeding treatments on 

(i) the ineidence and control of the pica which impels sheep to consume 
rabbit careases, the principal source of the botulinus toxin; 

(ii) the growth and live weights; and 

(iii) the blood inorganie phosphorus levels of the sheep. 

The pastures and stubbles were also examined. By the late summer period 
they were found to become very poor, dry. and scanty. Samples, selected to con- 
form as far as possible to the material actually consumed by the sheep at this time, 
were found to contain only 3-5 p.c. protein and 0-12-0-15 p.e. P.O; on the dry 
matter. 

The following results were obtained from the experiments : 

(1) Considerable falls in live weight were shown by both voung and old 
sheep on the poor, dry grazing. Tleavy supplementary feeding is necessary to 
prevent these losses. A large consumption of a soluble phosphatie lick had no 
effect on the live-weight of young or old sheep. 

(2) The average levels of inorganic phosphorus in the blood of sheep remained 
between 4°5-6-0 mg. P per 100 ¢.c. throughout 1934 and 1935. No falls to low 
values were evident, even during the late summer period when the phosphorus 
content of the grazing was very low. No consistent effects on the blood phosphorus 
levels were produced either by the phosphatic lick or the supplementary foods 


consumed. 
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(3) Little evidence of pica was shown in the summer of 1933-4, owing to the 
abnormally early appearance of green feed, but in the following summer, which was 
long and severe, the whole of the sheep on the unsupplemented dry grazing exhibi- 
ted pica, evidenced by a liking for rabbit carcases. The pica appeared to be a sarco- 
phagia, no sign of osteophagia being found. The phosphatic lick consumed had no 
effect in preventing the pica, though a partial control was given by some of the 
food supplements. 

(4) It is concluded from these findings that this form of pica is not due to 
phosphorus deficiency, and that the phosphorus requirements of sheep are probably 
much lower than has previously been supposed. It is suggested further that the 
pica is caused, not by a direct deficiency of an essential nutrient, but by some food 
error such as a disturbance of the acid-alkali balance or a physiological upset due 
to the dry fibrous nature of the diet. 

A thorough investigation of this phase of the problem is at present being made, 
together with an attempt to place the pica upon a definite physiological basis. 
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PRELIMINARY NOTE ON THE DISSOCIATION OF 
STAPHYLOCOCCI INTO ALPHA AND BETA 
TOXIGENIC VARIANTS 


by 
PHYLLIS M. ROUNTREE 


(From the Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication 10th January, 1936.) 


During an investigation of the toxins of 43 strains of Slaphylococeus aureus, 
six were encountered which showed an interesting dissociation of their toxigenic 
properties.!_ These six strains when plated from stock culture on sheep blood agar 


‘ 


produced after ineubation at 37° C. only colonies surrounded by a clear zone of 
haemolysis. This zone of complete haemolysis has been shown by previous work 
(Bryce and Rountree, 1936) to be due to the action of the classical a toxin, and the 
phenomenon may be termed a haemolysis. However, on suitable subculture, e.g. 
growth in broth in an atmosphere of CO.—O., or prolonged incubation in broth 
containing 1 p.c. potassium oxalate, these strains gave rise to 1-2 p.c. of variants, 
which on sheep blood agar gave the appearance characteristic of 8 toxin-producing 
staphylococci, i.e. a wide zone of partial haemolysis which, after refrigeration 
overnight, is completely haemolyzed (‘‘hot-cold’’ lysis). With some colonies there 
was an additional narrow inner zone of a type haemolysis. The nature of the 
toxins produced by these variants in broth culture as determined by their relative 
activities in haemolyzing rabbit and sheep cells, and by the use of pure a and ~ 
antitoxie sera. corresponded exactly with what would be deduced from the type of 
haemolysis presented on sheep blood agar. 

This variation is of the phasic type, the a and 8 phases under certain condi- 
tions existing together in broth cultures, with the a phase as the predominant type. 
The a phase is not capable of stabilization, but always tends to produce about 1 p.e. 
of 8 variants. This was demonstrated with one strain for six successive subcultures 
picked on each subculture from single colonies, and for five subeultures with an- 
other strain. 

The 8 variants when first produced tend to revert to the a phase. About 75 p.c. 
of cultures obtained from single colonies on sheep blood agar plates produeed on 

1 The technique employed for the growth of cultures on sheep blood agar, and for preparation 


and titration of toxins, was similar to that described in the previous paper (Bryce and Rountree, 
1936). 
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subeulture an equilibrium mixture containing approximately 90 p.c. of a organ- 
isms and 10 p.c. of B. The other 25 p.c. of B colonies could be readily stabilized on 
subeulture in CO.—O., and when this had oceurred it was not found possible to 
induce reversion to the a phase. The occurrence of this dissociation could be re- 
peated with fresh subeultures from the stock cultures of the strains, 





Sheep blood agar plate after incubation at 37°C, overnight, inoculated from a single 8 colony 
and showing both a and § colonies. The a colonies are surrounded by a zone of complete clearing, 


the zones around the # colonies are only partially haemolyzed. 


The instability of these strains, which is manifested in the production of 8 
variants, is probably an inherent characteristic. That it is not due to prolonged 
culture under laboratory conditions is shown by one of the strains which, on plating 
direct from the lesion, produced only a haemolytic colonies. Several of these 
colonies were grown in broth in CO.—O., and immediately produced 8 variants. 

This dissociation appears to be analogous in some respects to that described 
by Andrewes (1922) as occurring in agglutinogens of the Salmonella group. 

The two toxins have previously been shown to be antigenically distinet 
|Glenny and Stevens (1935), Bryce and Rountree (1936) | ; the 8 toxin is of much 
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lower toxigenicity for laboratory animals than is the a toxin, and is more restricted 
in its haemolytie powers for the red cells of various species of animals. This is the 


first time, so far as I am aware, that dissociation has been reported involving the 


appearance of variants producing two antigenically distinct toxins. Further work 
will be done on this subject. 
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THE DETERMINATION OF HAEMOGLOBIN AS 
GLOBIN PICRATE 


by 


ADOLPH BOLLIGER 


(From the Gordon Craig Urological Research Laboratory, Department of Surgery, 
University of Sydney). 


(Submitted for publication 24th February, 1936.) 


In 1894 Hiifner estimated the carbon monoxide combining power of ox haemo- 
globin. In this determination the author found it necessary to introduce a number 
of corrections which had but slender experimental justification, and he finally de- 
cided that one gram of dry pure haemoglobin combined with 1°34 e.c. of earbon 
monoxide. The hypothetical value of Hiifner is still in use to-day in the estimation 
of the haemoglobin content of human blood from gasometrically determined O. and 
CO combining capacities. The more accurate colorimetric methods for the deter- 
mination of haemoglobin are based on standards obtained by gasometrie oxygen 
determinations, where the volume of oxygen found in 100 ¢.c. of blood is trans- 
lated into grams of haemoglobin by dividing the volume of the oxygen obtained 
by 1-34, i.e. Hiifner’s figure. 

Recently, Peters and Van Slyke (1932) pointed out that probably the simplest 
way to determine exactly the maximum oxygen combining power of 1 gm. of 
haemoglobin would be the precise determination of the iron content of purified 
human haemoglobin. This problem, however, has not yet been solved, because the 
preparation of pure haemoglobin is a very difficult one. 

During a consideration of this problem, however, it was thought that the 
question could probably be attacked in a different way. Instead of trying to ascer- 
tain the iron content of 1 gram of pure human haemoglobin (in a molecule of 
which it amounts only to about 0-34 p.c.), an attempt was made to measure, in some 
form or other, the globin content of the haemoglobin, since this comprises 96°3 p.e. 
of the molecule. For this purpose the acid-combining power of globin was ex- 
amined. Globin readily combines with acids. It has been known for some time 
that it forms a hydrochloride and a phosphate of fairly constant composition 
(Ishivama, 1928). The picrice acid content of globin picrate was found to be 
25-7 p.c., with a maximum deviation of 0-4 p.c., or, in other words, 1 gm. of globin 
combines with 0-33 gm. of picric acid. The determination of the picrie acid con- 
tent of the globin picrate was executed by titration with methylene blue, a method 
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which is accurate and simple because the methylene blue does not react appreciably 


with the globin, but only with the piecrie acid (Bolliger and Goulston, 1935). 

By adding aicoholie picric acid to red cells, a similar globin picrate was ob- 
tained, the chromogen, namely haematin, remaining in solution. It was therefore 
thought that this reaction, the picric acid-combining power of globin, could be 
applied to the determination of globin or haemoglobin. Consequently haemoglobin 
solutions of approximately known haemoglobin content were added to alcoholic 
picrie acid, and the precipitate obtained was washed with aleohol and ether. The 
picrie acid content of the precipitate was then determined by titration with methy- 
lene blue. The resuits obtained indicated that the amount of globin picrate formed 
corresponds within about 2 p.c. to the haemoglobin present as determined by the 
acid haematin method, assuming the correctness of the current view that haemo- 
g¢lobin consists of one molecule of globin and one molecule of haematin. These 
experiments established the possibility of determining haemoglobin as globin pic 
rate. The procedure, however, is somewhat lengthy. The globin has first to be 
precipitated from a haemoglobin solution free from serum proteins, white cells, 
and stroma. After this the precipitate, following its isolation, has to be washed 
free from any excess of picrie acid present. Finally the precipitate has to be dis- 
solved in alkali and neutralized before the titration can be executed. The possi- 
bility was therefore examined as to whether the globin content of a haemoglobin 
solution could be determined without actually isolating the precipitate of globin 
picrate, by titrating the excess of picric acid added to the haemoglobin solution. 

In this series of determinations the haemoglobin content of the solution tested 
was determined by measuring the oxygen-combining power, using the gasometric 
methods of Van Slyke and Haldane. 

The procedure adopted for the determination of haemoglobin as globin pic- 
rate is as follows: Into a 25 ¢.c. volumetrie flask containing 5 ¢.c. of 0-1N alcoholic 
pieric acid, is placed 1 ¢.c. of 8-16 p.c. haemoglobin solution. To avoid the forma- 
tion of lumps the solution has to be added slowly, direetly into the picrie acid and 
with stirring. The mixture is then brought to boiling point on a water bath, and 
kept there for about 10 minutes. This step ensures that the reaction takes place 
throughout the whole of the precipitate, because the freshly-formed globin picrate 
is to a large extent soluble in boiling alcoholic picric acid. The mixture is then 
allowed to stand at room temperature for at least an hour, during which time the 
dissolved globin picrate comes out of the solution again. The mixture is then made 
up to the 25 ¢.¢. with aleohol, mixed and filtered through a fast filter, after which 
the amount of picric acid present in an aliquot part of the filtrate is determined by 
titration with methylene blue. The amount of globin present is calculated by 
subtracting the amount of picric acid recovered, expressed in grams, from the 
amount of picric acid originally added to the haemoglobin solution. The result 


is then multiplied by a factor which converts the picri¢e acid used into globin. In 
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experiments (Bolliger and Goulston, 1935) it was found that globin picrate con- 
tains on the average 25-7 p.c. picric acid. In this case the factor which converts the 
picrie acid used into globin is 2-89. The amount of globin so found is then con- 
verted into haemogiobin by multiplying with 1-036. As shown in the table the 
results obtained under these conditions agree remarkably well with the results 


Haldane Van Slyke Globin Picrate 
gm. haemoglobin gm. haemoglobin gm. haemoglobin 
Exp. No, per cent. per cent. per cent. 

1, 12-6 12-4 12-37 (haemoglobin solution) 
Se 13-1 13-4 13-39 a 
3. 9-9 10-0 10-10 a a 
4. - 10-6 10-75 i as 
5. 10-6 — 10-67 < ” 
6. 15-5 15-6 15-37 9» 
7. 12-4 12-5 12-66 (washed cells) 


Results obtained by the determination of haemoglobin as globin picrate compared with the 
gasometric methods of Haldane and Van Slyke. 


obtained by the gasometric methods of Haldane and Van Slyke. Furthermore, this 
determination can also be applied to washed red cells, which still contain the norm- 
ally occurring number of leucocytes. In this case the result will be slightly too 
high (Experiment 7). 


SUMMARY. 


The determination of haemoglobin can be carried out by virtue of the aeid- 
combining power of globin. This has been demonstrated in the case of its combina- 
tion with pierie acid. The results obtained agree well with those obtained by the 
standard gasometric determinations, and lend further support to Liifner’s con- 
version factor established in 1894. 
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THE RELATIONSHIP OF THE COMPLEMENT FIX- 
ATION OPTIMUM TO THE AGGLUTINATION 
OPTIMUM 


by 
A. E. PLATT 1 


(From the Government Laboratory of Bacteriology and Pathology, Adelaide, 
South Australia). 


(Submitted for publication 27th April, 1936.) 


Whilst studying the fixation of complement by the potato virus ‘‘X”’ in the 
presence of its homologous antiserum, Spooner and Bawden (1935) observed the 
occurrence of zones of optimal fixation when a range of dilutions of purified anti- 
gen was used against a constant dilution of antiserum. With any particular 
dilution of antiserum there was a dilution of antigen which gave a greater degree 
of fixation than any other antigen dilution. The ratio of antigen to antiserum in 
those mixtures giving optimal fixation did not remain constant, and with higher 
dilutions of the antiserum the zone of optimal complement fixation moved towards 
the side of antigen excess. 

As no explanation of this phenomenon was apparent, it was suggested by 
Professor H. R. Dean that this point be investigated further, and with this object 
the experiments here described were carried out. 


EXPERIMENTAL WORK. 

Materials. A smooth strain of Type IIT pneumococeus was used as antigen. This strain was 
seeded into a number of 80 ¢.c. tubes of Wright’s (1933) broth, and after incubation for 24 hours 
the organisms were recovered by centrifugation, and after washing once with saline were re 
suspended in saline and stored as a thick suspension of approximately 20 X 109 organisms per ¢.c., 
to be diluted as required. 

The homologous antiserum had been prepared in the rabbit in the usual way. 

As a source of complement the fresh serum of a guinea-pig was used. 

The haemolytic system consisted of sheep’s red cells and antisheep rabbit serum, 

Experiment 1. Determination of Optimal Agglutination Ratio of the Antigen 
to Antiserum. <A technique similar to that described by Miles (1933) was used. 
Toa range of dilutions of antigen was added an equal volume of antiserum diluted 
1: 400, and the tubes were incubated in an illuminated water bath at 55° C. so that 
readings could be made without removing the tubes from the bath. As the result 


1The main portion of this work was carried out while the author was Gwynaeth Pretty 
Research Student, Department of Pathology, University of Cambridge. 
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of several observations, it was determined that a suspension containing 3,000 x 106 
per ¢.c. floeculated most rapidly in the presence of a 1: 400 dilution of antiserum. 
Erperiment <. Determination of Optimal Complement Fixation Ratio of 


Antigen to Antiserum. Ten rows of tubes, six tubes to each row, were set up. To 








| 





rere a 

| | Organisms | Antiserum dilutions 

| per Gl: er as 
x10° | 200 400 600 800 i000 i200 





L 










} 
i 


EEE . =e 


ee 
| | 10000000 - 
2 | 5,000:000 | 
3 | 2500-000 


4 | 1250-000 | 






ea 


J a 
a|_ 









7 156250 ge 


oo 
| 


Be. le 









9 


- oo i 
ro = es = 


a 


WwW 
~o 
So 
oe 
~ 


tt ae 
EERE. .&ES 





| 


as - Complete haemolysis. 
| | = No haemolysis. 


Figure 1. 


each tube of the first row was added 0-5 ¢.c. of a suspension containing 10,000 x 10° 
organisms per ¢.ec. To each tube of the second row was added a similar volume of 
a suspension containing 5,000 x 10° organisms per ¢.c., and so on, each tube receiv- 
ing 0-5 ¢.¢. of a bacterial suspension of a strength indicated in the second column 
of Fig. 1. Compiement was then added as 0-5 ¢. of a 1:10 dilution of fresh 


guinea-pig serum, followed by 0-5 ¢.c. of a dilution of antiserum as indicated in 
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Fig. 1, the first tube of each row receiving serum diluted 1: 200, the second tube 
1: 400, and so on. The necessary controls of antigen and complement and serum 
and complement were included. All the tubes were then placed in the cold-room 
at 2° C. for two hours. The haemolytic system was then added, and after ineuba- 
tion at 37° C. for one hour readings were made. The results are recorded in Fig. 1. 
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Figure 2. 

















g 39-062 














It will be noted that in the lower dilutions of antiserum there is a wide zone 
in which complete fixation oceurs, but that, with increasing dilutions of the anti- 
serum, this zone narrows considerably. Also, in the lower serum dilutions the 
mixtures in which the maximal complement fixation oceurs lie on the antibody 
excess side of that in which optimal flocculation takes place, but with increasing 
serum dilutions the complement fixation optimum approaches nearer to the floceu.- 
lating optimum, and at a serum dilution of 1: 1,200 passes to the antigen excess 
side of it. 

An even more clear-cut result was obtained with a strain of Brucella abortus 
and its homologous antiserum. A typical finding is recorded in Fig. 2. With the 
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antiserum diluted 1: 400, optimal agglutination occurred with an antigen strength 


A. 


of 5,000 x 10° organisms per ¢.c¢. 


Tn the lowest dilution of antiserum the centre of the zone of complement fixa- 
tion falls near the agglutination optimum, but with increasing antiserum dilu- 
tions the zone of compiement fixation narrows and moves to the antigen excess side 


of the agglutination optimum. 
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In all these experiments complement fixation was allowed to take place at ice- 
box temperature, with the purpose of preventing any marked alteration of the 
As shown by Dean (1911, a and b; 1912) and 


Goldsworthy (1928) the physical state of the antigen-antibody complex does deter- 


physical condition of the system. 


mine the amount of complement fixed and the relationship of the zone of fixation 


to the flocculation optimum. 


That the physical condition of the reagents is important when a large partieu- 


Figure 3. 


late antigen is used is demonstrated by the following experiment. 
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Experiment 3. To aseries of nine tubes numbered from 1 to 9 was added 0-5 
¢.c. of a suspension of pneumococcus type II], and then all were placed in a water 
bath at a temperature of 34° C. Immediately 0-5 ¢.c. of a 1: 400 dilution of homo- 
logous antiserum was added to tube No. 1. After 15 minutes a similar volume of 
the same dilution of antiserum was added to tube No. 2, and so on, so that each 
tube up to and including No. 8 received a volume of diluted antiserum 15 minutes 
after the one preceding it. Immediately after adding the serum to tube No. 8, 0-5 
¢.c. of saline was added to tube No. 9, and all tubes then received 0°5 ¢.¢. of a 1:10 
dilution of fresh guinea-pig serum. Two hours at ice-chest temperature was al- 
lowed for fixation, when the haemolytic system was added, and after incubation 
at 37° C. for one hour readings were made. 

Several such experiments were performed, and the result given in Fig. 3 is 
typical of all those obtained. 

It will be seen that in tubes Nos. 5 to 8 there was complete fixation of comple- 
ment, but that in Nos. 1 to 4 there has been only partial fixation. In these tubes 
the antigen and antibody have been in contact for an hour or more, and at the 
stage when complement was added the suspension has become visibly particulate, 
ranging from large particles, easily visible to the naked eye in No. 1, to very fine 
particles just visible with the aid of a lens in No. 4. Alteration in the physical 
condition of the suspension after addition of the complement was prevented as far 
as poss.ble by placing the system during fixation in the ice-chest. 


DISCUSSION, 
In his studies on complement fixation in precipitation, Goldsworthy (1928) 
showed that the reiationship of the complement fixation optimum to the flocculation 


optimum was noi a simple one, and that the size of the ‘* particle’’ of precipitate 
formed from the interact:on of antigen and antibody was important in determining 
the amount of complement fixed. It would appear that between particles of the 
newly-formed antigen-antibody complex and those which are visible there is a 
particle which, providing a relatively large surface, takes up a maximum of com- 
plement. Particles of larger or smaller size fix less complement. 

In a precipitating system then, ‘‘Complement fixation is a function of the 
size of the particle of a precipitate’? (Goldsworthy, /oc. cit.). 

If this is so, then in a system in which the antigen is particulate ab initio, as 
for example when a suspension of some organism is used as antigen, the process 
of complement fixation can commence at the moment when antigen, antibody, and 
complement are brought in contact, and the amount fixed would be governed by 
the length of time allowed for fixation, the degree of sensitization of the organisms, 
and the number of sensitized particles upon which complement can be ‘‘fixed’’. 

If we standardize the time factor to a period of sufficient length to allow 
maximum possible fixation, we can study the relationship of the remaining two 


factors, one to the other. 
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In a constant antigen-varying antiserum system the zone of complement fixa- 
tion is usually considerably wider than that in which agglutination occurs, extend- 
ing far into the antigen excess side of the agglutination optimum. Organisms only 
very slightly sensitized are capable of fixing several M.H.D. of complement. 

With low dilutions of antiserum in a constant antibody-varying antigen sys 
tem, as described in this paper, the mixture which gives optimal agglutination con 
tains a large number of sensitized organisms upon which complement can be 
‘*fixed’’. 

With increasing dilution of the antiserum the optimum moves towards the 
dilute antigen side, and although each organism in the optimal tube should be 
sensitized to the same degree as those in any other optimum, the number of sensi 
tized particles is considerably less than in a low antiserum dilution optimum, and 
consequently the total amount of complement fixed must be less. On the antigen 
excess side of this optimum there is a zone in which there is a larger number of 
organisms partially sensitized, and the results of experiments with pneumococci 
and Brucella aborius show that when the number of sensitized organisms in a mix- 
ture containing optimal proportions for agglutination is small, the total amount 
of complement fixed is insignificant, and may be infinitely less than that fixed by» 
a greater number of organisms only partially sensitized. 


SUMMARY. 


1. Experiments to study the relationship between the complement fixation 
optimum and the flocculation optimum in mixtures of antiserum and a particulate 
antigen are described. 

2. A large number of organisms partially sensitized may fix more complement 
than a smaller number optimally sensitized for flocculation. 
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During the past twelve months an abnormality has appeared in a large per- 
centage of fowls’ eggs being examined on the various packing floors in Australia. 
The condition is characterized by an excessive mobility of the volk with. in some 
cases, an increase in the density of the shadow cast by the yolk when the egg is 
candled. The term ‘‘ floating volk’’ is used to designate this condition, and, as in 
the greater percentage of affected eggs the yolk rises to its uppermost limit within 
the egg in whatever way the egg is turned, the term is self-explanatory. 

Similar conditions have been reported elsewhere. Halnan and Day (1935), 
in an examination of large numbers of eggs in West Suffolk County during the 
years 1931-34, reported the occurrence of several abnormal conditions, including 
‘floating volk’’, but the number of eggs showing this fault was very small, and 
never exceeded 0-260 per cent. 

The information available, however, does not permit us to identify, with cer- 
tainty, the condition described by the English workers with that observed here. 


‘ 


In both cases the term ‘‘ floating volk’’ may denote, not an entity, but several con- 
ditions producing almost identical results. 

Some confusion has been caused by the fact that another abnormality has be- 
come prominent recently in certain districts. This is the condition known as 
‘*watery white’’ (see Anderson, 1936). The two conditions are, however, easily 
distinguished, since in ‘‘ watery white’’ the characteristic mobile condition of the 
yolk is absent, and the eggs appear more transparent on candling than ‘* floating 
yolk’’ eggs. 

The investigations, the results of which are recorded here, were undertaken 
with the object of determining the nature of the ‘‘ floating volk’’ condition, and if 
possible to obtain information which would render elimination of the fault possible. 


EXPERIMENTAL WORK. 

As a preliminary investigation, a protein estimation was made (by Mr. R. J. 
Cowan, of the Government Laboratory of Bacteriology and Pathology) on the 
white of these eggs, with the object of determining whether the protein content in 
the white was lower than normal, as in the condition known as ** watery white’’ 
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For this purpose three dozen eggs containing 


floating volks’’ were obtained, 
and the whites were thoroughly mixed. Micro-Kjeldahl estimations were then 
made, and the results compared with similar estimations carried out on the mixed 
whites of three dozen normal eggs. 





Fig. 1. Contents of a ‘‘ flouting volk’’ egg, showing thickened chalazae and the slightly 
opaque zone which surrounds yolk. 


The factor 6°25 was used to convert the nitrogen percentage into protein 
percentage. 

The results were as follows: 

Protein Content of Eqg-white. 
(i) Normal eggs a 10-6 p.e. 
(ii) Eggs with ‘‘floating volk’’—.. ~ - 11-0 p.e. 

The results of non-protein nitrogen estimations were identical in both cases. 
Determined by a colorimetric method, in each case it was approximately 25 mg. 
per 100 ¢.c. of egg-white. The small difference in protein percentage is no doubt 
within the limits of experimental error. The conclusion is that the protein content 
of ‘‘ floating volk’’ eggs did not differ from that of normal eggs, and in this respect 
the condition differed from that known as ‘‘ watery white’ 
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Changes Noted in Eggs with ** Floating Yolks’’. 

Besides the characteristic ‘‘ floating’’ condition of the volk, which could always 
be readily demonstrated by candling, the shadow of what appeared to be an ap- 
pendage was sometimes plainly visible. Usually, when such appendages were 
visible, only one was present, but in some eggs two such structures were seen. 

When the eggs were broken, there was usually little apparent change. In 
many instances the volks appeared normal in colour. In others, there was a definite 
darkening of the yolk colour, which in many cases was associated with a partial 
coagulation of the proteins, giving the yolk a ‘*candied-honey”’ or ‘‘lemon-cheese’ 
appearance. In a few cases, besides this partial coagulation of the main mass of 
the yolk, small plaques of dried, or inspissated volk were found adherent to the 
vitelline membrane. 





Fig. 2. Contents of a ‘*‘ floatin 
mal chalaza on left of yolk. 


gy yolk’’ egg, showing thickened chalaza on right and nor 


In a small percentage of eggs the yolk appeared a brownish-green colour, and 
in these cases there was an associated partial liquefaction of the volk. 

In the great majority of these eggs the white appeared slightly opaque, either 
throughout the whole of the white or, more frequently, in a zone immediately sur- 
rounding the volk (Fig. 1). 
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The most striking change, however—and one which was present in all affeeted 
eges—was noticed in connection with the chalaza, or suspensory ligament of the 
yolk. One, or sometimes both, showed considerable enlargement with marked in 
crease in opacity of the egg-white immediately surrounding it (Figs. 1 and 2). 
The normal spiral arrangement, if still present, was less marked than normal, but 
in most cases it was absent. The distal end (the end nearest the shell) was always 
ragged in appearance, and showed signs of partial digestion. By observing the 
way in which the free yolk travelled in candling the egg, and, when possible, noting 
the movements of the shadow cast by the thickened chalaza, it became fairly clear 
that this thickened condition of the chalaza was probably related to the ‘*‘ floating 
yolk’’ condition in the nature of cause and effect. The remainder of the observa- 
tions here recorded are the results of investigations intended to elucidate the 
nature of this pathological change in the chalaza. 


Pig. 3. Transverse section of thickened chalaza from ‘‘floating volk’’ egg, showing 
masses of organisms present in interior of ligament. (x 1200.) 


Results of Microscopic Examination of Paraffin Sections of Thickened Chalaza. 


Most of the section appeared quite structureless, and probably consisted of 
coagulated egg-white. In sections suitably cut so as to pass transversely through 
the chalaza, the structure of this organ was easily seen. The ligament itself was 


considerably thickened, but all detail was Lost. 
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When examined under high power, deeply-stained masses of what appeared 
to be bacteria could be seen enclosed in the hollow interior of the chalaza. Exami- 
nation under a 4» in. oil-immersion confirmed this finding. In sections stained 
by Gram’s method, the organisms appeared rod-shaped, with rounded ends which 
in some of the organisms were somewhat club-shaped. The Gram stain was. re- 
tained (Fig. 3). 


The Isolation and Cultivation of the Organism. 


In attempting to isolate this organism, cultures were made from the white and 
yolk of the egg, using sterile Pasteur pipettes to take up the inoculum. Cultures 
were incubated at 37° C. for several days under both aerobic and anaerobic condi- 
tions. In most cases the results were negative. When, however, the affected 
chalaza was ground up in a sterile tube with the aid of a glass rod, and cultures 
inoculated from the ground-up material, successful results were obtained in almost 
every case. 


It is interesting to note here that if some of the ground-up chalaza were diluted 


with steriie saline and examined microscopical.y as a hanging drop preparation. 


motile rod-shaped organisms were seen in large numbers, occurring either singly 
or in short chains of two or three individuals. The most striking feature was the 
extreme rapidity of the movement of these organisms. 


The Morphoiogy and Staining of the Organisms isolated from the Chalaza. 


In films prepared from twenty-four hour cultures on solid media, the organ- 
isms appear singly and in chains of two, three, or more. They are rod-shaped, with 
parallel sides and rounded ends, and are on an average 3 » long and 0-75 to 1:0 » 
wide. In oider cultures spores are produced. These are oval in shape, the longi- 
tudinal diameter being nearly twice the transverse diameter, and are situated 
subterminaily, where they produce some bulging of the organisms. Sporing ap- 
pears to take place readily. In cultures incubated for longer than twenty-four 
hours, or even left at room temperature for one or two days following twenty-four 
hours’ incubation, most of the organisms appear in the sporing form. In broth 
cultures the organism is actively motile. A capsule has not been demonstrated. 

In films from voung cultures the bacillus stains readily with the usual aniline 
dyes, and is Gram-positive. The spores usually appear unstained, except when 
special methods are used. In older cultures staining is not so even; many shadow 
forms appear, and many of the organisms tend to lose the violet stain in Gram’s 


method if the decolourization process is continued too long. 


Cultural Characteristics. 


The most characteristic type of growth is seen when the organism is grown 


on blood agar plates and in broth. 
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In blood agar plate cultures twenty-four hours old an irregular type of colony 
is produced. It is lobulate in structure, with the number of lobes varying between 
two and four. Each lobe has a raised dome-shaped centre and an irregular edge. 
and the point at which all the lobes of the colony join is usually lower than the apex 
of the constituent lobes. In cultures between 18 and 24 hours old the surface of 
the colony is smooth and glistening, and at intervals along the margin of the lobes 
small beads of moisture are scattered. In colour the colonies are greyish-white, 
and are quite opaque. The growth is readily emulsified at this stage. When a 
colony is touched with a platinum wire it collapses in the same manner as a watery 
bleb of the skin when punctured with a needle. In 18 to 24 hour cultures the colo- 
nies appear to consist of a thin pellicle stretched over a drop of moisture, and 
attached firmiy to the media at the margin (Fig. 4) 





Fig. 4. A 24-hour culture of the bacillus of blood agar medium.  ( }-2 


In cultures more than 30 hours old this appearance is lost, and each colony 
appears dry, wrinkled, and quite flat, although maintaining the same characteris- 
tic lobate arrangement. 

On agar slopes a confluent growth results, but the characteristic appearance 
of the growth in early plate cultures is not seen. The surface is dry and wrinkled, 
and the margin is irregular and often rhizoid in appearance. 

In broth cultures growth takes place on the surface only, and a tough, wrinkled 
pellicle is formed within eighteen hours. The surface of the pellet is dotted with 
small glistening globules of moisture, which often remain for several days, especi- 


ally if excessive evaporation is prevented. 
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In broth cultures two or three days old there is usually a complete absence of 
turbidity. After five days’ incubation a membranous deposit makes its appear- 
ance, and is augmented in amount chiefly by additions from the pellicle. About 
this time also the broth becomes turbid, but the turbidity produced is never very 
marked, being approximately equivalent to that produced by 200 million organisms 
per ¢@.e 

In gelatin stab cultures incubated at 22° C. no growth is visible until after at 
least 72 hours’ incubation, and then the colonies are only 0-5 mm. in diameter. 
With longer ineubation very little increase in size of the colonies oeeurs, but by 
the seventh day liquefaction of the stratiform type is observed. 

When the gelatin culture is incubated at 37° C., small fluffy colonies about 
1-2 mm. in diameter make their appearance throughout the stab in less than 24 
hours. After 72 hours’ incubation at 37° C. the whole of the gelatin has been 
changed, so that it remains permanently liquid, even at temperatures below that 
at which melted gelatin normally solidifies, 

With regard to the metabolism of the organism, a few points are of interest. 

It is markedly aerobic in its oxygen requirements, and it will not grow in 
media containing a reducing substance or in an anaerobie jar. It grows readily 
on ordinary laboratory media, and growth is not increased by the addition of 
serum, blood, or glucose. On blood agar media a zone of haemolysis of the B-type 
is produced. 

Although no pigment is produced on solid media, when broth cultures are left 
in the dark for longer than a week the pellicle becomes brick-red in colour. 


Post-mortem Examination of Hens laying Eggs with ‘‘ Floating Yolks’’. 


Four hens were selected at random from among a bateh of birds which were 
laying eggs with ‘‘ floating yolks’’ for post-mortem examination. No abnormality 
could be detected in any of these hens. Sections of portions of the oviducts were 
examined, but no lesion of any kind was seen. 

With three of the birds, cultures were made from several regions of the oviduct 
and from a large number of the developing ova in the ovary. In all cases cultures 
from the ovaries were sterile. From the oviduct of one bird positive cultures were 
obtained. In a tube of broth inoculated with material scraped from the mucous 
membrane of the upper inch of the oviduct, a pure culture of the organism already 
described was obtained. Cultures from the lower end of the oviduct were mixed, 
and contained principally Gram-positive cocci and Gram-negative bacilli. Owing 


ae 


to the tact that the bacillus already isolated from ‘*‘ floating volk’’ eggs had been 
recovered in pure culture from the upper end of the oviduct, no attempt was made 
to determine its presence in the mixed cultures obtained from the lower end of the 


duet. 
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Attempts to produce the ‘‘ Floating Yolk’’ condition in Normal Eqgs by infecting 
Healthy Birds with the Bacillus. 


Three separate experiments were performed, two at the Government Poultry 
Farm at Parafield, and the third at the Government Laboratory of Bacteriology 
and Pathology. Great difficulty was experienced in obtaining birds which were 


‘ 


not laying ** floating volk’’ eggs, and consequently only twelve birds were available. 
These birds were placed in separate pens, which were sterilized as effectively as 
possible. The pens used at Parafield were of wood and wire netting. and hence 
could not be sterilized as adequately as those used at the Laboratory, which were 
made of galvanized iron and wire netting. 

All the birds had been under observation for periods ranging from one to 


‘ 


three weeks, during which no birds had laid a ‘‘ floating yolk’’ egg. During the 
course of the experiment they were fed on whole wheat, which had been autoclaved 
for 20 minutes at a temperature of 115° C. and a pressure of 15 lb. above atmos- 
pheric pressure. In addition to the whole wheat, they were given crushed wheat 
prepared from the sterilized grain in a crusher sterilized before use, and kept solely 
for that purpose. To this was added lucerne, which had been grown locally. 
Drinking water was obtained from the main supply or from tanks. 

In each experiment spores of the bacillus, obtained by washing off a five-day 
agar plate cuiture in normal saline, were added to the drinking water so as to give 
a concentration of about 50 million spores per ¢.c. of water. In addition, each bird 
Was given, each day, one pellet of crushed meal, moulded with the aid of a little 
water to which spores had been added. This treatment was continued for five sue- 
cessive days. 

In the three experiments all birds commenced to lay ‘‘floating volk’’ eggs 
within periods ranging from two days to three weeks. In birds laying regularly at 
almost daily intervals the condition appeared in the second or third egg laid after 
commencement of the experiment. Several of the birds were laying only at irregn- 
lar intervais, and in two eases 16 and 22 days respectively elapsed between the 
commencement of the experiment and the laving of an egg. In these cases the first 
ege showed the ‘‘ floating volk’’ condition. 

A number of the eggs laid by the birds used in the three experiments were 
examined and cultured. The typical lesions were present, and the characteristic 


bacillus was recovered from several eges. 
DISCUSSION. 


On its morphology and metabolic requirements the organism recovered from 
the affeeted eggs must be placed in the Genus Bacillus, but whether it corresponds 
with any of the species so far named is not quite certain. 

Comparison with a large enough number of species of the Genus Bacillus has 


not vet been made, and until such has been done it is not permissible to give this 
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organism a species name. When time permits, an attempt will be made to classify 
it fully. 

Its presence in the affected eggs is of considerable interest, but whether it is 
related to the condition known as ‘‘ floating volk’’ as the primary causal agent, 
or only secondarily, has vet to be determined. The frequeney with whieh it ean 
be recovered from affected eggs, its presence in the oviduct of birds laying ‘‘ floating 
volks’’, and its known property of being able to liquefy protein, suggest that it is 
connected with the condition, and the feeding experiments also point in that diree- 
tion. The small number of birds used, 12 in all, and the absence of adequate con- 
trols, make one hesitant to draw conclusions, despite the fact that in each experi- 
ment ail birds started laying eggs with ‘‘ floating volks’’ within reasonable periods 
of time after the commencement of the experiment, while previously they had laid 
normal eggs. The extreme difficulty in obtaining normal birds prevented any 
more adequate test being carried out. 

In the light of the observations already made, we might postulate an hypo- 
thesis as to the means by which the organism gains entrance to the egg, and the 
changes which it produces or assists in producing there. 

The organism is probably taken into the alimentary tract, and, after passing 
through the ventricula, either in the spore or vegetative form, reaches the cloaca, 
whence it passes up the oviduet. In the upper third of the duet it is in a position 
to become involved in the chalaza before the white is added to the yolk. In the 
chalaza it multiplies, and as the result of its metabolic processes, the chalaza under 
goes partial liquefaction and ruptures, allowing the yolk to float freely. 

It is unlikely that the birds themselves become infected in the strictest sense, 
as they always appear perfectly healthy. It must be admitted, however, that the 
organism is non-pathogenic. Mice are able to tolerate 2 ¢.c. of a 24-hours’ broth 
culture intraperitoneally, and hens show no loeal or general reaction following 
intramuseular injections of 2-5 ¢.c. of the same culture. 

Further observations are being made in order to elucidate the relationship of 
this organism to the *‘ floating volk’’ condition, and also into the possibility of 
treatment by means of vaccines, and these will be presented in a communication 


at some future date. 


SUMMARY. 

1. A condition of fowl eggs termed ‘floating volk’’ is deseribed. The nature 
of the changes present in the egg and the distribution of the condition are discussed. 

2. An aerobie spore-bearing Gram-positive bacillus, which can be isolated from 
these eggs, is deseribed. 

3. Experiments in which birds that had previously laid normal eggs com- 
meneced to lay ‘‘floating yolk’? eggs when fed with spores of the bacillus are de- 
scribed, and the results discussed. 

4. The probable réle of this bacillus is discussed. 
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INTRODUCTION. 


In 1906 Irving Fisher published a method for indicating food values. In this 
article an apparatus was described for rapidly determining the centre of gravity of 
a small triangular card weighted at various points with pins of several dimensions. 
The ecard was placed in a basket and suspended on a standard so that the centre of 
vravity of the pin system assumed a position vertically under the point of support. 
by adjustment of counter-weights the centre of gravity of basket plus unweighted 
ecard coincided with the point of support, so that the system was in neutral 
equilibrium. 

When I obtained the apparatus, I thought at once of using a similar device for 
determining the centre of gravity of the human body, but soon realized that, as 
the weight of the moving system wouid be so enormously greater than the light eard 
deseribed, something more was required than merely magnifying the dimensions. 
In fact the problem required engineering experience for its solution. Many vears 
passed before I took up the subject again, and then I made the suggestion to Mr. 
A. H. Faul, Lecturer in Graphies and Engineering Design in Melbourne Univer- 
sity. With the permission and co-operation of Professor Kernot, to whom our 
thanks are extended, Mr. Faul designed and construeted the instrument now de- 
seribed, and to him is therefore due the success of the method. W.A.O. 


DESCRIPTION OF THE APPARATUS. 

For convenience in describing the apparatus a division has been made into 
four separate sections, which will be taken in the following order : 

(a) Moving System ; 

(b) Supporting System ; 

(¢) Damping System ; 

(d) Indieating System. 

(a) The Moving System consists of a timber table A, 7 ft. x 3 ft., on which the 
subject is placed in any desired position. Two short extensions are provided for 


the subject’s arms when lving with the arms extended sideways. 








118 A. H. FAUL ann W. A. OSBORNE 


This table is supported by four rods to the part C, which contains four bear- 
ings arranged in a gimbal, to allow the table to swing about this point in either 
direction. Small self-aligning ball bearings, size 4+ mm. shaft, are used for the 


parts of the gimbal. These give a very satisfactorily high degree of sensitivity. 





Apparatus as set up in the Physiological 
Department, Melbourne University. 


Fixed rigidly to the table by means of the vertical rod above C and the long 
bracing rods, is a set of balance weights B. The positions of these may be varied 
by screwing them along the cross bars, and by this means the whole moving system 
may be brought into neutral equilibrium before the subject is placed on the table. 
A ladder is provided at G, also a platform with handrail to facilitate adjusting the 
weights B. 

The degree of movement of the table provided is approximately 6 in. in each 


direction. 
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(b) Supporting System: A steel frame F in the form of a triangle is mounted 
on three levelling screws which rest on plates on the floor. This triangular frame 
carries two cross beams, to which are bolted the large vertical standards G. These 
are braced together, and carry beams at their top ends which give the support to 
the bearings of the gimbal C, and thus support the moving system. 

(¢) Damping System: To bring the table more quickly to rest in its equili- 
brium position when the subject is lying on the table, a damping system is provided. 
This consists of four rectangular water-tanks H fixed to the base F. Four flat 
steel plates, two across the table. are attached to the underside of the table, and 
dip into the water in these tanks. There is one plate in each tank, and each plate 
has a series of small holes drilled through it to increase the damping effect. 

(d) Indieating System: It has been previously pointed out that before the 
subject is placed on the table the whole moving system is brought into neutral 
equilibrium. Thus when the subject is placed on the table the moving system will 
swing about the gimbal support C, until the centre of gravity of the subject alon¢ 
will lie under the centre point of the gimbal. 

A plumb-bob D is supported from a point of the gimbal, and this may be low- 
ered on to the subject to indicate the exact position of its centre of gravity. 

If, instead of finding the actual position of the centre of gravity. it is desired 
to measure the change in the position of the centre of gravity, when say breathing 
takes place or a limb is moved to a different position, a table E is provided for the 
differential readings. This table has attached to it a piece of squared paper. A 
pointer consisting of two lines scribed on a piece of celluloid and fixed to the 
table A indicates the table movement on the paper at E. Readings to -01 in. can 
reasonably be taken on this pointer. 

The movement of the table is limited by means of an iron pipe secured to the 
underside of the end passing through a square hole cut in a plate which is fastened 
to the base. This pipe cannot be seen in the photograph, as it is located between 
the four damping tanks H. 

A clamping device is also provided, operating on the pipe mentioned above, 
and is located just under the damping tanks. The clamp is operated by a hand 
lever, the top of which can just be seen to the left of the letter E in the photograph. 
The clamp is simply to save the apparatus from damage when the subject is climb- 
ing on to or off the table. 

It was found that when the moving system was adjusted to neutral equilibrium 
a mass of only one gramme, placed 25 em. from the centre of the table, completely 
upset the balance, which shows that the ball bearing support gave a very satisfac- 
tory arrangement, considering that the moving system weighs approximately 
250 Ib. 


REFERENCE, 


Fisher. Irving (1906): Amer, J. Physiol., 15, p. 417. 














THE ABSORPTION SPECTRA OF SOME MODIFIED 
SNAKE VENOMS 
by 
HENRY FRANCIS HOLDEN 


(From The Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication 14th April, 1936.) 


Experiments have been carried out in this Institute with a view to the pre- 
paration from snake venoms of substances possessing a more limited range of 
physiological effects than the original venoms. From the venom of Notechis scuta- 
tus and of its melanotie variant substances were prepared (Ilolden, 1933) which 
had practically no coagulant action on blood, but which retained the other toxic 
powers of these venoms. A somewhat similar separation was effected in the case of 
the venom of .Acanihopis antarcticus by extraction of the venom with an 


aqueous 
solution containing 45 p.c. of ethyl alcohol (Kellaway, ef al., 1929 


TABLE 1. 


Mactma and Minima of the Absorption Spectra of Modified Venoms. 


Maximum Minimum 
vl07-* € vlQ-* € 
Notechis scutatus venom 1135 2.0 1215 2-00 
_ a ‘‘neurotoxin’’ 1147 3-00 1215 2-30 
Notechis seutatis var. niger venom 1125 1-75 1210 1-40) 
be ” » ‘*neurotoxin’’ 1147 2-90 1209 2-64 
Acanthopis antarcticus venom 1143 3-15 1217 2-65 
Fraction soluble in 45% C.H,OH 1149 4-50 1224 3-20 
Fraction insoluble in 45% (HOH no band. 
v frequency 
! lo 
yaa 
c number of grams in 1 litre 
d depth of liquid in em, 
ly intensity of entering beam 
I intensity of emergent beam. 


In this paper are recorded the ultra-violet absorption curves of these deriva- 
tives. In addition a study has been made of the effeets on the absorption curves 
and the haemolytic powers of the venoms of Denisonia superba and Pseudechis 


porphyriacus of treatment by heat and by formalin. The determination of the 
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absorption curves was done as described in a previous paper (Ilolden and Setter, 
1935). The amount of haemoiysin remaining active was determined from the 
logarithmic time-concentration curves of the experiments, which were all carried 
out exactly as described in previous papers on haemolysis by snake venoms (Hol- 
den, 1934 and 1935). The determinations of the residual haemolytic activity 
were made at about ten different concentrations over as wide a range as possible. 
The haemolytic activity of the venoms treated with formalin was determined both 
at pH 6-0 and at pil 7-7 in the presence of lecithin. There appeared to be con- 
sistently somewhat less remaining activity according to the latter method of deter- 
mination. 

The venoms were heated in sealed tubes in a thermostat under the conditions 
stated in the tables. After being cooled the solutions were neutralized and their 
haemolytic power determined. A sample was retained for determination of the 
absorption spectrum. In acid solution both haemolysins were fairly resistant to 
heat at 60° C. In alkaline solution inactivation was very rapid. In acid solution 
little change was observed in the absorption spectrum, even when most of the hae- 
molysin had been inactivated. In alkaline solution the maxima and minima rapidly 
increased, and finally the band was obliterated. Both haemolysins were inactivated 
by formalin, that of Pseudechis porphyriacus being rather more resistant. In the 
case of the venom of this snake there was practically no change observed in the 
absorption spectrum due to the action of formalin, while with the other venom a 
lower concentration of this reagent entirely obliterated the band in a few days. 


DISCUSSION. 


It has often been suggested that the absorption band which is present in the 
ultra-violet absorption spectra of many proteins is to be attributed to their content 
of amino-acids with a benzene ring. Snake venoms appear to be proteins, and this 
explanation would presumably apply to them also. It is, however, somewhat diffi- 
cult to accept this view altogether, owing to the marked changes in the band 
brought about by reactions, e.g. heating in very dilute alkali, which do not attack 
any of the aromatic amino-acids, even tryptophane. It would appear that the 
band may be associated with those unknown constitutional elements which are 
related to the high solubility of native proteins and to the physiological activities 
of venoms. It would also seem probable that the reactions of inactivation by acid 
and by alkali of the haemolysins involve different structural elements of the mole- 
cules, in addition to those actually involved in the haemolytic activity. The differ- 
ence observed in the degree of inactivation according to whether the activity was 
measured in acid solution or in alkaline solution with lecithin, would appear to 
indicate two types of haemolytie factor. One attacks the cell directly ; the other 
converts lecithin into a chemical lysin. 

The author is indebted to Professor W. A. Osborne, of the University of Mel- 
bourne, for the loan of the spectrophotometer used in these experiments 
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The changes in the absorption spectra of snake venoms of which the haemo- 
lysins have been inactivated by heat in acid or alkaline solution, or by formalin, 
are described. The absorption spectra of certain fractionated venoms are recorded. 
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Curve 1. 
2. Venom of Notechis scutatus. 


‘*Neurotoxic’’ fraction of Notechis scutatus. 
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Graph 2. 
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Curve 1. ‘‘ Neurotoxic’’ fraction of Notechis scutatus var. niger. 


2. Venom of Notechis scutatus var. niger. 
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Graph 3. 
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Curve 1. Fraction of venom of Acanthopis antarcticus soluble in 45 p.c. ethyl] alcohol. 
2. Venom of Acanthopis antarcticus. 
Fraction of venom of Acanthopis antarcticus insoluble in 45 p.c. ethyl alcohol. 
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The effect of heat on the venom of Pseudechis porphyriacus. 
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Curve 1 Table 2A, No. 3. Heated alkaline, 
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Graph 5. 
The effect of heat on the venom of Denisonia superba. 
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Curve 1 Table 2B, No.5. Heated alkaline. 
2 0.6. Heated alkaline. 

7. Untreated. 
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Graph 6. 


The effect of formalin on the venom of Pseudechis porphyriacus. 


Ordinates = e 
Abscissae = v10-" 


Curve 1. Table 8C, No. 3. 10 days’ formalin, 
x ss . No.4. Untreated venom. 
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Graph 7. 


The effect of formalin on the venom of Denisonia superba 
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THE MECHANISM OF THE ACTION OF ETHYLENE 
ON CELL PROCESSES 


by 
F. F. NORD 


(Department of Veterinary Physiology of the University, Berlin). 
(Submitted for publication 26th February, 1936.) 


The Australian Journal of Experimental Biology and Medical Science pub- 
lished a paper under the above title in volume 13, pp. 95-102 (1935), by F. TI. Shaw, 
the work being carried out at the suggestion and under the supervision of Professor 
W. J. Young, of Melbourne. The paper consisted mainly of an attack on certain 
investigations of the author and his collaborators made during 1926-1930. 

Since this journal is not very widely distributed in Germany, the paper was 
only noticed in the form of an abstract in the Berichte tiber die gesamte Physio- 
logie, vol. 89, p. 621, appearing on January 8, 1936. Since no reprint of the original 
paper was sent to me, I obtained a photo-copy on January 14, 1936, and wish to 


submit the following remarks. 


1. A preliminary communication of the first two papers of this series was 
published in Nature, vol. 120, p. 82, 1927 (dated April 12). The paper itself was 
read before the Imperial University, Kyoto, on September 28, 1927 (compare Pro- 
toplasma, vol. 4, p. 547, 1928). I therefore regard myself and not Harvey (1928), 
as suggested by Shaw, as responsible for the views concerning the influence of 
ethylene on the permeability of cells. 

2. Nord and Franke, not Englis and Zannis (1930), were the first to employ 
enzymes prepared free from cell material for this work, the method employed being 
described in detail in Protoplasma, vol. 4, p. 557, 1928. 

3. The experiments described on pp. 562-567 of the same paper make it quite 
clear that an increased fermentation with cell-free yeast juice was only noticed 
when the material had first been frozen and then thawed. This purely colloid- 
chemical transformation was not in any way connected with the ethylene effect. 
Nevertheless, it has been shown clearly that ethylene or acetylene when acting on 
the surface of the whole enzyme-carrier system slows down or extends the evolution 
of carbon dioxide when brought in contact with glucose (Z.f. Physiologische 
Chemie 183, p. 215), without precipitating the carrier system (Z.f. Physikalische 
Chemie A, 150, p. 16). 
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4. On p. 97 (last paragraph) Shaw states that he used for his measurements an 
apparatus (known to us) originated in 1911. We developed and described two 
different forms of apparatus in 1927 and 1929, which allowed simultaneous read- 
ings to be made every minute in parallel experiments. This enabled us to control 
the important initial phase of cell fermentation. I am at a loss to understand how 
the use of a rather primitive method justifies criticism of results obtained by our 
two improved methods. Moreover, when comparing our two methods (see Ergeb- 
nisse der Enzymforschung, vol. 1, p. 83, 1932) we gave numerical data concerning 
the aceuracy of our blank experiments, and referred repeatedly to the degree of 
purity of our ethylene or acetylene used in the United States or in Germany. No 
such data, which are necessary for considering the speed of reversion of an ad- 
sorbed film, are available in Shaw’s paper. 

5. In our paper in the Journal of Biological Chemistry, vol. 79, p. 48, there 
are published curves which show clearly that the speed of fermentation with zymin 
(prepared by treating top yeast cells with acetone) can not be influenced by the 
presence of ethylene, due to the fact that the protein system governing cell per- 
meability is destroyed. 

6. Experiments carried out with tobacco leaf catalase (published in the above 
mentioned paper, p. 43) (see also the confirming results of Pfuetzer and Losch, 
Umscehau, vol. 39, p. 204, 1935), with the enzyme system of a fermenting dough 
(Z.f. angewandte Chemie 32, p. 204, 1929), and with the enzymes of germinating 
barley (Z.f. Physiolog. Chemie 183, pp. 217-225, 1929), have given further evi- 
dence for the influence of alkylenes as well as acetylene on the permeability of cells. 

7. Furthermore, in another paper (Protoplasma 11, 440, 1930), we have defi- 
nitely proved that an increased penetration of dyes into the cells oceurs when 
barley is steeped in water containing acetylene or ethylene. 

8. The criticism in Shaw’s paper (p. 101) concerning our carboxylase experi- 
ments is not valid, since the second apparatus enabling us to detect the details of 
the mechanism of this purely physieal-chemical reaction was not vet construeted 
at that time. 

9. The carrier theory of an enzyme system, originated by Mathews and Glenn, 
which is equally applicable within as outside the cell, shows that enzyme reactions 
are surface reactions. The influence of permeability on such a reaction, manifest 
ing itself by increasing the reacting surface of the enzyme, is not difficult to under- 
stand, provided we do not expeet-—which would be quite incorrect—that this 
physiological regulation is retained in the so-called damaged, i.e. irreversible, 
phase. The effect lasts as long as ethylene or acetylene (in the ease of acetylene the 
phenomenon is much more marked) is used in an appropriate manner; and the 
exosmosis from an ethylene-exposed veast cell will be so small as compared with 
that obtained, for example, with toluene or chloroform, that our present methods 
presumably do not furnish us with an exact way of measuring it within the limits 


of accuracy. There is, therefore, no need, when explaining these gas effects, to 

















ACTION OF ETITYLENE 133 


resort to the highly improbable conception of increased enzyme production by the 
cells, instead of accepting the interpretation of our experimental data as set forth 
in Seience, vol. 79, p. 159, 1934. 

10. The fact of adsorption of ethylene (compare Shaw, p. 101) on the surface 
of particles of yeast juices, as well as a great number of lyophilie colloids, has been 
proved. It has also been demonstrated with acetylene and nitrous oxide (see also 
F. A. Van der Laan, thesis, University of Utrecht, 1934). The changing degree 
of dispersion has been proved by a number of methods, and furnishes us with the 
means of understanding the increased activity of frozen zymase, tyrosinase, and 
peroxidase after thawing (Transactions Faraday Society 26, 760, 1930, Bio- 
chemische Zeitschrift 263, 353, 1933, Nature 135, 1,001, 1935. 

11. A careful re-reading of our paper in the Z.f. Physiologische Chemie vol. 
183, especially pp. 196-197, 206-207, 213-217, fails to disclose any foundation for 
the statement of Shaw in his discussion, that ‘* Nord infers that ethylene, especially 
in the last stage, would be toxic’’. The opposite appears to be true according to 
the following quotation: ‘‘Die Méglichkeit. die Tiatigkeit von Enzymlésungen 
durch diese Verbindungen fast vollkommen zu unterbinden, lisst den selbstver- 
standlichen Schluss zu, dass auch in der lebendigen Zelle befindliche Enzyme eine 
Wirksamkeitsverminderung infolge Narkose erleiden kénnen, ohne dass hierdurch 
eine Schadigung der Zelle angenommen werden miisste.”’ 

12. Reviews of the extensive experimental material indicated here were pub- 
lished in the Ergebnisse der Enzymforschung, vols. 1 and 2, where I had the col- 
laboration of other Australian research workers (compare E. 8S. Horning: The 
enzymatie function of mitochondria, in vol. 2, 1933). I think that, before sub- 
mitting our work to criticism, the authers concerned should have employed methods 
superior to those we have abandoned, and should have read more carefully at least 
those papers which were published in the English language. 


Berlin, January 15, 1936. 


PROFESSOR YOUNG’S REPLY. 


The author of the paper criticized by Professor Nord (F. H. Shaw) is away 
from Australia, and, as the work was done in my laboratory, I wish to add a short 
note. 

It was unfortunate that the suggestion as to increased permeability of cells 
as the result of exposure to ethylene was attributed to Harvey and not to Nord. 
This resulted from the fact that the first publication by Nord was made in Nature 
and in Protoplasma, and not in the usual scientific journals publishing original 
work. 

Without entering into any argument, I might state that the method employed 
by Shaw for measuring the rate of action was capable of giving a rate in parallel 
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experiments every five minutes, which would appear of sufficient accuracy to show 


any marked effect produced by the addition of ethylene. 
The work was not confined to the action on veast cells, several other enzymes 
being also employed. 
The ethylene used was a product sold for anaesthesia, and in all cases it was 
well washed before using. 
W. J. YOUNG. 
13th Mareh, 1936. 





